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Detailed report 

(Name of the invention) 

manufacturing method of a stamper for an optical disk. 

(Object of the invention) 

It offers a manufacturing method for an optical disk which does not require wet 
processes and is excellent in durability and has a long life span. 

(Constitution of the invention) 

It is regarding a manufacturing method for a stamper for an optical disk which 
consists of the following process. First, the first thin film is formed on the substrate. On 
top of the first thin film, a second thin film with different removal conditions than the first 
thin film above is applied. This consists of a substance with a different etching rate due to 
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a phase change. After a pattern is formed on the second thin film, the first thin fihn is 
etched using that pattern as a mask. Next, the substrate is etched using the pattern formed 
on the first thin film as a mask, at the same time, the first and second thin films are 
removed. 

Sphere of patent request 
(requested clause 1) 

It is regarding a manufacturing method for a stamper for an optical disk which consists of ' 
the following process. First, the first thin film is formed on the substrate. On top of the 
first thin film, a second thin film with different removal conditions than the first thin film 
above is applied. This consists of a substance with a different etching rate due to a phase 
change. After a pattern is formed on the second thin film, the first thdn film is etched using 
that pattern as a mask. Next, the substrate is etched using the pattern formed on the first 
thin film as a mask, at the same time, the first and second thin films are removed. 

Detailed explanation of invention 
(field of industrial use) 

This invention is regarding a manufacturing method for a stamper which is used for 
manufacturing various kinds of optical disks. 

(prior art) 

Recently, optical disks for music software, screen image software, or for various 
kinds of information storage have been popular. The surface of these optical disks have 
pits or grooves where information signals are formed in different shapes, depending on 
whether the disk is read-only, write-once, or rewritable. A thermo plastic resin is poured 
at high temperature into a metal mother mold where fine concave and convex information 
signals are formed, in other word, a mold ftimished with a metal stamper. Next, it is 
cooled down and cured. The metal stamper for forming signal pits or grooves in optical 
disks is normally manufactured by electro plating. (See Japan utility idea No. S 56-61369, 
Japan patent No. H 1-225788, No. H 2-196640) Specifically, as shown in figure 7, resist 
2 is applied to a glass disk 1, and after exposure to laser light, the resist 2 is developed, 
and a resist pattern 2a is formed (figure 8)^ Next, prior to the electro-plating process, in 
order to make the surface conductive, a metal film 3 such as nickel is formed on the resist 
patter 2a by vacuum evaporation or sputtering (figure 9). Next, metal is thickened on this 
. metal fibn 3 by electro-plating, and an electro-plated film 4 is formed. (Figure 10) After 
that, as shown in figure 1 1, the glass disk 1 and the resist pattern 2a remaining in the metal 
film 3 are removed, and the metal is thickened by electro-plating again. Then it is 
removed, and a metal stamper 5 as shown in figure 12 is obtained. 

However, the former manufacturing methods for a metal stamper have problems 
such as the time required for each step such as exposing the resist, developing, and 
electro-plating is long and manufacturing cost is high. Since it has many wet processes 
such as application of resist, developing, and electro-plating; it requires large 
manufacturing equipment, especially electro-plating devices, and it requires facilities such 
as power-distribution or large clean rooms. Not only that, further processing such as 
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trimming the ID and OD of the stamper, polishing, and molding are required after the 
electro-plating process. This required much additional equipment. 

Recently, stamper manufacturing methods which recording signals by heat which 
use the differences in etching rate between amorphous film of phase changing substances 
have been suggested. (See Japan patent No. H 3-127342) In these methods, pits or 
grooves consisting of phase changing film are not formed on the substrate, and it does not 
require the electro-plating process used in former methods. Since the film substrate can 
be used as the stamper, the stamper manufacturing process can be extremely simple. 

(problems that this invention tries to solve) 

However, according to this method, since pits or grooves are formed with phase 
changing film as stated above, durability is not sufficient. When a disk is copied 
repeatedly by injection molding, the pits are deformed or peeled off fi'om the surface of the 
substrate, and the number of disk that can be molded fi-om the same stamperis small, and 
stamper life is extremely short. 

Accordingly, the object of this invention is to offer a manufacturing method for a 
stamper for optical disks which produces a stamper with long life which does not require 
wet process and has superior durability. 

(Steps for solving the problems and their function) 

In order to attain the objects above, this invention provides a manufacturing 
method for a stamper for an optical disk which has the following processes. First, a thin 
film is formed on the substrate. On top of the first thin film, a second thin film with 
different removal conditions than the first thin film is applied. This second thin film 
consists of a substance that has different etching rates depending on phase changes. After 
a pattern is formed on the second thin film, the first thin film is etched using that pattern as 
a mask. Next, the substrate is etched using the pattern formed on the first thin film as a 
mask. At the same time, the first and the second thin films are removed. 

The idea behind this invention is that stamper durability could be remarkably 
improved if pits or grooves were formed on the substrate itself A stamper consisting of a 
single metal could be manufactured by etching a substrate having pits or grooves formed 
using a phase change film as a mask, instead of a structure where pits or grooves 
consisting of phase change film are formed on the substrate as in former methods. 
However, substances such as indium (In)-antimony (Sb) which are generally used as phase 
change film, the etching rate in ionized Ar is large compared to the etching rate of metals 
such as Ni which are used as the substrate. This material cannot be used as a mask 
directly as it is. Therefore, first, a thin film with small a small physical etching rate is 
formed between the substrate and phase change film. Next this thin film is etched using 
the phase change film as a mask. Using this thin film as a mask, etching of the substrate is 
done. By this two-step etching processes, the original object of this invention can be 
attained. 

In the following, each manufacturing step in the manufacturing process for a 
stamper for an optical disk of this invention is going to be explained in detail using the 
attached figures. 
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First, as shown in figure 1, a thin film 12 is formed on the polished surface of a 
substrate 11. This thin film 12 must be made of materials which function as a mask during 
physical etching of the base disk 1 1, that is, materials with a small physical etching rate. 
Specifically, materials which are evaporated by reaction with halogen or oxygen, for 
example, inorganic materials such as Si, SiOj, SijNa, Al, Mo, Cr, W, or Nb, or organic 
materials such as PMMA and PVA are used. These materials are used to formed thin 
films by evaporation, sputtering, or spin coating. Since the thickness of this thin film 12 
will determine the depth of the pits or grooves, it must be controlled precisely. 

Next, a second thin film 13 consisting of a phase change substance is formed on 
the first thin film 12 (see figure 2). This phase changing substance undergoes a phase 
change by irradiation by a laser, and the etching rate of the irradiated part is smaller than 
that of the unexposed part. Specifically, there are materials that are used for optical 
recording media. For example, inorganic compounds which consists of combinations of 
elements such as Te, Se, Ge, In, or Sb is suitable. This thin film 13 is also formed by 
vacuum evaporation or sputtering method. The thickness should be, for example, 0.05 to 
0.15 nm. 

Continuing the above process, pits or grooves 14 are formed on thin film 13 which 
consists of a phase changing substance (Figure 3). The method of forming these pits or 
grooves 14 uses a simple laser light source such as a semiconductor laser (wavelength: 
830 nm) or He-Ne laser (wavelength: 630 nm). By directing the laser beam to 
predetermined positions on the thin film 13, phase change occurs in a predetermined 
pattern. Since the phase change area has a smaller physical etching rate compared to other 
parts, etching is done, for example, by Ar ion impinging on the surface of the thin film 13, 
and parts other than this phase changed part are removed. In this etching process, since 
the first thin film 12 has a very small physical etching rate, it is not removed. 

As stated above, the thin film 12 is etched to form a pit or groove pattern 14 using 
the thin film 13 as a mask. (See figure 4) The etching method is a plasma etching method 
using a reactive gas. The reactive reaction gas depends on the substance which constitutes 
the thin film 12, and CF4, CHF3, SFe, CCu, or O2 could be used. After completion of this 
process, the substrate 1 1 will have a double layer structure of thin film 12 and thin film 13 
and groove pattern 14 and 14a. 

Next, Ar ions are used to etching the base disk 11. At this point, although the thin 
film 13 in the upper layer can be removed easily, the thin film 12 in the lower layer is not 
removed since it has a small physical etching rate. It functions as a mask for the base disk 
1 1, and the surface of the base disk 1 1 is etched to form a pit or groove pattern 15 (see 
figure 5). 

Thin film 12 is removed by a reactive etching process as described above, and a 
stamper 16 for an optical disk which consists of a single metal can be obtained. (See figure 
6) 

(examples of practice) 

In the following, specific example of practice of the manufacturing method for a 
stamper for an optical disk in this invention is going to be explained. A 0. 1 nm layer of 
Si02 was sputtered on a smooth Ni base disk 1 mm thick. Next, a 0.1 jim In-Sb was 
sputtered on this Si02 film in the same vacuum chamber. Next, the In-Sb film was 
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crystallized by heating the base disk to 250 C. A semiconductor laser with 830 |xm 
wavelength was used to treat the In-Sb film, and a phase change pattern was formed on 
this In-Sb film. Next, this base disk was put in a plasma etching apparatus using Ar ions, 
and plasma etching of the In-Sb film was done. CF4 gas was introduced into an identical 
plasma etching tub, and reaction plasma etching of the SiOa film was done. After that, Ar 
gas was introduced to the identical plasma etching tub, and plasma etching of the Ki base 
disk was done. Finally, CF4 gas was introduced again, and the remaining Si02 fitei was 
removed, and a stamper for an optical disk was completed. 

In the above process, manufacturing time was reduced by approximately 80 % 
compared to former wet-method processes. Also, since the stamper obtained in the final 
stage is formed firom a single metal, compared to former methods where pits or grooves 
according to phase change film are formed on the base disk, the stamper life is 
approximately 100 times longer. Also, it does not require pre-process such as trimming of 
the ID and OD, polishing, or molding unlike former methods. 

(Effects of this invention) 

As is obvious fi"om the detailed explanation above, the manufacturing method for a 
stamper for an optical disk in this invention produces a high-quality. At the same time, 
since phase change film is used to form the information pattern on a metal base disk 
directly by dry etching, it is possible to eliminate wet processing. Not only that, since it 
does not require a bonded layer, it does not have peeling problems, and a stamper with a 
long life span can be obtained. Accordingly, this manufacturing method for a stamper for 
an optical disk is extremely usefiil for manufacturing optical disks for music, screen image, 
or for various kinds of information storage. 

(Simple explanation of figures) 
figure 1 : Cross section which shows 
disks of this invention, 
figure 2: Cross section which shows 
optical disks of this invention, 
figure 3 : Cross section which shows 
optical disks of this invention, 
figure 4: Cross section which shows 
optical disks of this invention, 
figure 5: Cross section which shows 
optical disks of this invention, 
figure 6: Cross section which shows 
optical disks of this invention, 
figure 7: Cross section which shows 
optical disks. 

figure 8: Cross section which shows 
for optical disks. 

figure 9: Cross section which shows 
for optical disks. 
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figure 10: Cross section which shows another former manufacturing method for a stamper 
for optical disks. 

figure 1 1 : Cross section which shows another former manufacturing method for a stamper 
for optical disks. 

figure 12: Cross section which shows another former manufacturing method for a stamper 
for optical disks. 

(Explanation of numbers in figures) 
11: base disk 

12: first thin film (thin film which consists of substance that is evaporated by reaction) 
13: second thin film (thin film which consists of phase change substance) 
14, 14a, 15: pit or groove pattern 
16: stamper 
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